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SECTION I

INTRODUCTION

As descr ibed in a number of recent reports (ref. 1 ,2 ,3)

the c a l c u l a t i o n  of EMP enercy propagat ion within an

electr ical ly  complex system , such as an aircraf t , often

employs simcle transmission line theory . Such tDrooagation

models usually consist of one or more uniform trans-

miss ion lines w ith discre te loads and distributed so urces

arising from the incident electromagnetic fields. In

order to more accurately account for the nonuniform

surroundings of ac tual transmission lines on aircraf t ,

a number of “canonical prob lems ” have been suggested in

ret. ( 4 ) .  By solving such problems , it is poss ible to

obtain estimates of the effects of local perturbations of

the transmission line fields , and later relate these to

Tesche , F.M ., and T.K. Liu , ‘An E lec t r i c  Model  fo r  a Cable
Clamp on a Sing le  Wi re  Transmission Line , ” ~eport on
Contract F-29601-76—0l25 , AFWL-TR—76-325 , Air Force Weapcns
Laborato ry, K irt land AFB , NM , July 1976.

2 . Lam , John , “Eauivalent Lumped Parameters for a Pend in a
Two Wi re  T r a n s m i s s i o n  Line : P a r t  I. Inductance .~ Part ti
Capacitance ,” Report on Contract F-2960l— 76—0125 , ,~FWL-TR-77—5 , A ir Force Weapons Labora tor~~, Kirtland ?1FP , MM ,
December 1976.

3. Liu , T.K., “Electromagnetic Coupling between Multicond’sctcr
Transm iss ion Lines ,” Report on Contract F— 29601— 76— 0l25 ,
AFWL—TR—7~ —333 , Air Force Weapons Laboratory, Kirtland
AFB , MM , December 1976.

4. Tesche , F . M ., M. A . Morgan , and B.A. Fishbine , “Evaluation
of P r e sen t  I n t e r n a l  EMP I n t e r a c t i o n  Technology : D e s c r i p t i o n
of Needed Improvements , ” AFWL EMP Interaction Note 264,
Air  Force Weapons Labora to ry , K i r t l a n d  AFB , NM , October 1975 .
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lumped inductances and capacitances placed apDroDriatelv

along an otherwise uniform transmission line. This concept

is discussed in more detail in ref.  (1)

One particuiar geometry that is often observed in

the inter nal conf igurations of aircraf t cables is shown

in F~~aure 1 , where a s ing le w ire transmiss ion line of

rad ius a and he ight b above the ground plane passes

over a thin sep tum of height h. The wire and the sep tum

are mutually perpendicular and not touching. S’ich a

problem will model a cable passing over a rib in an aircraft

f uselage or w ing roo t . By consider ing many periodically

spaced septums , pass and stop band charac teristics can

be determined for the line , as ou tl ined in r e f .  (2 )

In the treatment of this ~,rob1em , it will be

assum ed that the sep tum thickness is very small. This

implies  tha t  the ma jor ef f e c t  on the transmiss ion  line

behav ior w ill be due to a canacitive term in the lunped

parameter representation of the obstacle. The e~ uivaient

circuit of the septum discontinuity can then be repre—

sented , as shown in Figure 2.

This paper describes in detail the calculation of

this eauivalent capacitance of the septum and presents

the resul ts of a parametric study of this canonical

problem .

4
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Figure 1. Geometry of the Problem
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SECTION II

FORMULATION OF COUPLED INTEGRAL EQUATION S

The equivalent capacitance of the septum discontinuity

shown in Figure 2 may be obtained by solving Laplace ’ s

equation, subject to certain boundary conditions . If a

Green ’ s function approach is used , the problem may be

reduced to the solution of a se t of coucled ~ntt-~ ral ecuaoior.s

for the unknown excess charge distribution on the wire

and the charge distribtuion on the septum .

The three—dimensional free—space Green ’s function

is given by

= (4~~~~ ~~~~~~~~~~~~ ) -l (1)

where is the permittivity of free-space , ~ is the

radius vec tor to a potential point , and ~~~
‘ the radius

vector to a charge point. Using image theory , the perfectly

conducting ground plane may be incorporated in the half-

space Green ’s function G , given by

G(r/~~
’ ) = G0(~ /~~

’) - G0
(~~/r.

’ ) (2)

where 
~~~~

‘ is the radius vector to an imace charge point.

The superposition princ iple now shows that

—



o l (rj) G (~~1/~~~) dS~ 

2 
~~~~~ 

G(~~1/~~~) dS~ 
= TJ

( 3 )

~ (r~~) G(~~2/~~~) dS~ 

~2 

02~~~2
) G (~~2/~~~

) -dS 2 
= 0 ,

where is the surface charge densi ty on the wire ,

:2 is the charge distribution on the sept’~~ , V is the peter.-

t ia l  on the wire  (wi th  respect  to the ground :~lane)  , 
~~~~ 

and

- 2  correspond to the su r f ace  of the wire  and di a p h r a gm

respec t ive ly. The coupled in tegra l  Equations (3) state

that  the potent ia l  on the wire  or the diaphragm is pro-

duced by the charge distribtuions and

The charge dis tribution 1 contains two parts :

a uniform charge distribution in the absence of the

septum and an excess charge d i s t r i b u t i o n  :1 caused by

the septum discontinuity , i.e.,

= : + ~~~~ ( 4 )

This allows Equation (3) to be written as

8
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1 

-3~~
(
~ j ) G 11 dS~ 

‘2  
~~~~~~ 

G 12 dS~ = ‘/ - 
f : 0

(~~j ) r ;11d~~j ,

(5a)

~2l ~~, 
+ 

2~~~2~ 2~ 
~~~~~~~~ =

‘ S b )

where Gmn = G (
~~m/~~

’ )  . Note that the inteoral on the ri~~nt

of Equation (5a) defines the potential V on the uniform line ,

and the ri ght--hand slde of Equation (Sb) is the potential

~ (r 7/r!) at due to the uniform line at rj  . E ou a t i cn s

(5a) and (Sb) can be reexpr~ ss~ d as:

G11 dS~ G12 dS~ = 0 , (6a)

I~~~:l 
(~~ ) G21 dS~ 

~f~~2 
(~~ ) G21 dS~ ~~~~ 2’~~1~~’ 

r~~~~2 (6b)

where ~ is known exactly by su i t ab le  conformal  trans-

formation (cf. ref. 5) . Equations (6a) and (
~5b) are the desired

• coupled inteoral equations where anf - 2 are scooht .

M o te  ‘h a t  t h e se  e qu a t io n s  a r e  ex a c t .

5. Si lve s t e r , P . ,  ~‘odorn  P l e c t r o m a c~n e t i c  P~.el~~s, ~ : n t ~~c e—
H a l l , Inc . , Enule ’~ood Ci~~ffs , N.J . , l’~~S.

9
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SECTION I I I

APPROXIMATE S~) LU T I ON OF THE COUPLED M T E GR A L EQUATIc~

A rigorous solution of E q u a t i o n s  ( 6 a )  anc~ ( 6 h )  ~r.vclves

i nt e gr a l s  of the  f o r m

~ J a ( ~~) d 7  f  2~~~~~~ 2 
~~~~~~

‘

n=0 -
~~ 0 ~~ (z -~~) ÷ 4a s in  - 

2

-.~-here and ~~~
‘ are standard polar cylindrical coordinates

~n the w ar e .  ~~ ua tion  ( 7 )  is ob ta ined  ay ass~~m 1n g t h a t

= a ( ~~) c o s(nY ) ( 8 )

This  is equ iva len t  to w r i t i n g  the Fourier ser ies expans ion

for  
~:l wi th  c o e f f i c i e n t s  a tha t  are func t ions  of

‘;ote tha t  the in tegral  over (0 , 2~~] has a logar i thmic

s i n g u l a r i t y  for  z=~ and 3 = 3 ’ ; it canno t be i n t e g r a t e d

exactly for all values of n. An approximate solution ,

which is eouivalent to t r u n c a t i n g  the  Fou r i e r  series

e xp a n s i o n  at n=0 , is used.  T hi s  is o f ten  r e f e r r e d  to in the

l iterature as the “ t h i n — w i r e  an p r ox i m a t i on ’ , and is an

~ecuate  a p p r o x i m a t i o n  provided  t hat  the w: re  r a d i u s  is smal l

;- :mpared to o the r  d i m e n s i o n s  of the p rob l em . A second

a np r o x i m a t i o n  is in t roduced  by a s suming  t h a t  the cha rge

~i s t r i b u t io r i  on the septum is u n i f o r m  in the y 0 d i r e ct i o n .

10
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Mote t h a t  the charge distribut ion on the septum has a

square root s i n g u l a r i ty  at the  edge of the septum; the last

approximation may be thus regarded as a first order ap~ rcxi-

ma t i o n .  The v a r i a t i o n al p r o p e r t i e s  of the c a p a c i t a n c e ,

h o w e v e r , lead to a second o r der  a c a r o x i ma t i o n  in the ca~~a c i—

t an c e  r e s u l t s .  Here , (x  , y , z 0 ) denotes  the actual

dimens ion  in c a r t e si a n  coor d ~~n :~t s .

App ly ing  the t h i n - w i r e  ap~~rox ima t ion  to Equation )6)

we have

G 1, dS~ ~~~~ f 5 ~~i (x ~~) K 11
( x / x ~~) dx~ ~9 a )

G21 dS~ 
~~~ 

fs_ i (x~) K21 (y
0,

Z
0/X~

) dX~ ~9b)

where 3 T
1

(x~~) is a linear charge density related to

via the relation

= 2~ a ~-‘1 (r1
) (10)

and the kernels 1(11 and K 21 are given by

K 11
( X 0/ X ~~) = ((x0 X~ )

2 ~ ~ 2)~~~~_ 
(

~xo
_ x~~~2 

+ 4b2)~~~ (11)

11

- — — ~~~~~-_-~~~--.CrA ~~ ~. c  . ~~~~
. -  - .



K (v ,Z /x ’ )  = ((X ,)2 + z221 -o  o o L 
(.. b)2 )½

+ z~ + (y0÷b)2)~~~ (12)

Now assuming that

= f ( y ’) 
~ 

( z ’) (13) -o 2 0

where T
2

( Z ~~~~) is a linear charge density and f (y~~) is

uniform along the y ’ direction and has dimensions of

Coul/m ; Equation (6) now shows that

h

f  :2 ft 2) G 12 dS’  ~~ 1 r *

2 4 t2
(z~ ) d z~~

f 
K (x /y ’ , z ’ ) d y ’12 0 0 0 00 - ~£ 2 0 ( 14)

h
* 

pf o 2 (r~~) G22 dS~ I T
2
(Z~~)dZ~ / K 72 (y~~,z0 0 0 -o

0 - ’  -,
-

~~~ 0 ( 15)

where the kernels :<l2 and K 22 are given by

12 o o oK (X /y ’ ,Z ’)  x2 + (b-y~ )
2 

+ (z~ ) 2 )_ ½

- [~
2 

+ (b+y~ )
2 

+ (Z~ )2) (16)
t~~o

12
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K 22 (y
0,

Z
0/y~~,Z~ ) = ((y -y ’ ) 2 

+ (Z
0
_ Z~ )2)

- ~~~~~~~~~~ + (z_ z~)2) (17)

Note that f(y~ ) has b:en assumed constant and has been

incorporated in 
~~~
. 1

2 
has dimensions of 00 :1 ‘m~~

~quations (9) through (17) allow the couplod integral

equations (p3 ) to be written as

h

J K~ 1
(x~/x~) dx~, + J ~~~; ( Z ~~~~) dz’ f K 12 (X

0
/v ’ .Z~~) d y~ = 0 ,

< X < (l~ a)0

-~

J K 21 (y
0
,z
0
/x~~) dx~ + 

J ~ (z~ )dz ’ f
= —4-- s ?(y , z0

)

0 
~ 
y0 ~ h , - °  < z0 . ( l3 b )

For computational purposes it is convenient to

introduce dimensional variables and func tions c iven by

13
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4*

( X , v , z / x ’ , v ’ , V )  = b (x ,v ,z/x ’ ,y ’ ,z ’ )

= V 
~~

= Vb ~- ( z ’)  ( 1 9)

( ‘ .‘ ,: ) = . -
~~~v z)•0 o -

:~~~ (r 0 r~~) = b 1 
L~~~(r/r ’)~ i ,j  = 1,2

With this choice of variables and functions , the

coup led integral equations (18) take the for~

J
~~~~( x 1 )  L11 (x/ x’) dx ’ + f ~~( z I )  dz ’ 

J/b 
= 0

—
~~~ < x < (20a)

(x ’ )  L21 (y, z/x~)dx ’ + (z ’)dz ’ 
1/b 

(y, z/y’ , Z’ ) d v ’

= —4 - ~(y, z)

0 
~ 

y h/b , —
~~~~~~ < z < °  (20b)

Note tha t the integra tion of L12 and L22 over

(0,h/b) may be performed exactly (cf. ref. 6); Equation (20)

is thus reduced to

6. Gradshteyn, I. 5. and ~yzhik, T .M. , Table of Tntecrals

Series and Products, Academic Press , Mew york , ~~~~~

14
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J
~~~(:.:1)L li (x/x~~)dx 1

+ fn ( z’ ) L *
(x/ z~~)d zl = 0

< x < (21a)

— 

f~~ (z’)L~ 2
(v i z/z ’)dz ’

= — 4 -  : L , z)

0 y ~ h / b , -
~~~~ < z <~ (21b)

where L,2 and L 2 1 are given by

* (X’Z’) = n ~~~~ + (1-h/b) 2 (z’) 2 - ( 1 — h / b )
12 

~~~~ + 1 + ( z ’ ) 2 
~~l

- 

.sI~2 ( 1 + h / b) 2 
+ (z ’ ) 4 ( 1 h / b )  ( 2 2 )

\1x 2 
+ (z ’ ) 2 + 1 + 1

L;2 (y, z/z ’) = ~~ 
~~(h /b_y)

2 
+ ( :-z ’ ) 2 +

~~y2 + (z-z ’) 2 - y

- ~~ 
\J (h/b+y)2 + (z-z ’) 2 ~ (h ,’b + y) (23)

-
~ 

( z — z ’ ) 2 + y

I 
_ _ _ _ _ _  

15 
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The coupled in t e g r a l  equat ion  (21 )  may be solved

by us ing  the f ol l o w i n g  Ga le rkin ’ s approach .  F i r s t  in t ~-

c r a t i n c  E cu a t ion  ( 2 l b )  w i t h  respect  to y g ives

+ J n ( z ’ ) L 12 (x / z ’ ) d z ’ = 0

— -,~ < x < —o

(24)

f~~
(x ’)L;1 (z/x’)dx ’ + 

J~~~
(z ’)L;; (z/z ’)dz ’ =~~~(z)

—~~~ < z < ~

where the kernels L2 1 and L ;; are obtained by inteorating

and L ;2 w i t h  respect  to  y over  ( 0 , h / b )  . Si~~i1arl y, ~ . is

obtained by integrating —4~~ over (0,h/b). These are

given by

L;1(z/x ’) = L
12 (x/z

’)

** , h ~~ ( z _ z 1 ) 2 + (h/b) 2 
+ (h/b)L22 (z/z ) = n 

~~( z - z ’ ) 2 
+ (h/b )2 - (h/b)

+ 
2h ~~(z_z t ) 2 + (h/b ) + (h/b)
b

~J (z-z ’)2 + (2h/b)2 -
~~ (2h/b)

3 z-z ’ + V (z-z’ 
2 

+ (2h/b)~~ 
- 4 ~~(z-z ’) 2 + (h,~’b) 

2

(2’fl

_ 

~~~~~~~~~~ 

~~~~~~~~~~~~ ~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~ 

- -



- 
2~ i

~~~~ 

( l+ Z 2 )
- - 

n ( a / 2 b )  - 

[( 1- h/ b )  2 2~ [ l+h / b )  2 
~ z 2 ]

+ ~‘ n ( l h /b) 2 
+ Z 

— 2z [tan
_ i  ( l_ h ~1b) 

tan~~ ( l+h/b)
( 1+h/b)  + Z

- 2 tan ~~ ( l/ z ) ]  J ( 2 7 )

where , again , use was made of table of integrals (ref. 6).

Note that L;; (z/z ’) has a logarithmic sin~ ul ar i tv

— ri z— z ’~ and L11 (x/x ’) has a sharp peak at x=x ’ .

For compu tational purposes , these may be treated as follows :

Firs t wr ite

(z/z ’) = — -~n z— z ’ + F(z/z ’) (28)

where F(z/z ’) is continuous throughout the interval

(- o,~~~~) . Next integrate by parts the integral in ecuatic- n - 2 4 )

which contains L11 (x /x ’) . E q u a t i o n  (24) then becomes

L -
‘~~~ :~ L11 (x /x ’) dx ’ + f i ( z ’ )  L~~2 (x/ :’)  d z ’ = 0

J 
~(x ’) L , ( z/x ’)  dx ’ + 

J 

(z ’) F(z,’~~’) d:’ (2~~)

— J • r .  z — z ’ ~-, (z ’ ) dz ’ = 
~( z)

—- - —— ~~~~~~ 
— _

~~~~*-._• _.~~~~-._ - - — _ - . -. .. - - — .- .- - - ., .-‘-
~~~~~~

— —..-- -— -—-— -.——- — —-— - - — — — —— --.
~
.- - - - — - -  _____



where ___________________

* ~/(x
’-x)2 + (a/h) 2 (x ’ X )

L 1 
(x/x = 

____________1 
~~(x~ _x) 2 + 4 + (x ’ —x)

Eouataon (29) iS noted to have a smoother integrand than

E q u a t : o n  (24) , which ~s more amenah- 1~ to numerical computations;

i n c  inte-~Trand corin ainin c the ~o:ar~ :nm w a i l  be evai~ ated an

closed form in Section V.  The second s tage  in the  use o f

Galerkin ’s ap~ :aach for obtaining the solution to Equation (29)

requ ires knowl edge of the proper ties of Herm ite poly nom ia ls

and the Gauss-Hermite formula. These will be discussed in

the fo l l ow ing sect ion.
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SECTION IV

HEP.MITE POLYMO~ IALS

The H e r m i t e  po lynomia l s  H~~(~~) are  d e f i n e d  over the

i n f i n i t e  in te rva l  ( — ~~,~~) and satisfy the orthogonaitty

cori c i i t  ions

J e~~ H1 
(~~) H~ (~ ) d~ = /~ 2~ i! (30)

where iS the Kronecker delta.

The first few Hermite polynomia1’~ are :

H0(-~) = 1, H1
(~~) = 2~~, H2 (~~

) = 4~~2 — 2 (31 )

and the recurrence relation is

— 2.~ H (~~) + 2n H 1(~~) = 0 
(32)

These arise in integra t ion over ( — ~~ , ) ,  and the Gauss-

Herm ite formula for approximatin~ the integral  is g iven by

fe
_
~~

2 
d~ = W

k 
f(Zk) ( 3 3 )

where is the k
th zero of H~~U ) and the weights

Wk is given by
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n-l —
2 n! i’~rW

k 
= 

2 ~~4)n~

The weights  w k and abscissas are given, for

example , by Abramowitz and Stegun (ref. 7)

7. Abramowitz , M ., and J.A. Stegun , Handbook of Mathematical
Functions, New York: Dover Publications , 1964.
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SECTION V

NUMERICAL SOLUTIONS OF THE COUPLED INTEGRA L EQUATIONS

The coupled i n t eg ra l  equat ion  (29) is reduced to a

set of a lgebra ic  equat ions  by us ing  a G a l e r k i n ’ s approach

w i t h  H e rm i t e  pol ynomia l s  as base f u n c t i o n s .  Assuming  t ha t

e~~
X ’
~~
2 

~~~ 

a
n Rn~~~

’)

(35)

‘~1, 2
= e~~~ ~ b~ H ( Z ’ )

where a , bm are coeff icients to be determ ined , and P (.)

is H e r m i t e  pol ynomia l  of order ~ -. F u r t h e r , note t ha t

- ~~~~~ 

]e
_ z

~
2
H~~z~~) ~ I z - z ’ dz ’ = f  e

_ Z ’2H~÷ 1
z~ S ( z / z ’) d z ’ ( 3 6 )

where S ( z / z ’ )  =~~~~~~ ( z ’ - z )  [ Z ’ Z - 1]. This is obta:ned

by i n t eg ra t ion  by par t s  and the  recur rence  r el a t i on  for

Hermite polynomials. The intecral eauation (29) now takes

the form

2~

-- - - - -  —.-
~~~~~~~~~~~~~~~

-- - - 

-



a~ f e X ’ ) 2 
H~~~1

(x ’) L11(x/x ’)dx ’

+ b f  e Z ’ ) 2 
H ( n ’ )  L 12 (x / z ’) d z  = 0 —

~~~ x <

a~ J e~~
< ’
~
2 

H~~(x ’) L;1(z/x ’)dx ’

+ b  
f

e
_
~~~~ ) 2 ( ~~~~~~

I
m+l~~~~ ) + F I

m I ) )~~~
I

~~( z )  —
~~~ 

< z < ( 3 7 )

The i n t eg ra l s  may be eva lua ted  apDr oximatel y by us ing

the Gauss—Herinite quadrature (33) ; the result is

a~ ~~~~~ (x )  - b g (2) 
~~ = 0 —

~~ < x <

( 3 8 )

a~ g~~3) ( z )  + bm g1~
4 )  

( z )  = f (z) -
~~~ 

< z <

whe r e
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( 1) ,  ~~g ~x)  — L.1 ~ : L11 (x /x ,’ )  H ( x ~~) ( 3 9 a )
k=O

c~
2
~(x) ~ ~k 

L12 (x/z~~) H (z~~) (39b)
k=0

N
1

g~ 3~( z ) ~~ 
~~ 

‘~k L 21 (z/ x ,~ ) H ( x~~) ( 3 9 c )

g~~4)  ( z )  ~~ ~~ ~k
15
~~~~~~ 

1
~m+l~~~k~ 

+ F ( z / z ~’) H /Z~~)] ( 3 9 d )

a nd N 1 is the order of th is  quadra tu re .

Apply ing  Gauss-Hermite  fo rmula  ( 3 3 )  once more  to

E c ua t i o n s  (38) results

a~ ~~~~ + 
~~~~ ~~~~ = 0 , j  = 0 ,1, 2 , . .

(40)

a~ ~~~~ + bm T~
4
~ = d ,, = 0,1,2,...N
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Equa tion ( 4 r ) )  is a set of l inear equa tions f o r  the

• determina tions of the unknown coefficients ~~~ b0 ,

n = 0 , 1, 2 ,. ..N , which  may be solved on a d i g i t a l  computer

by means of standard matrix inversion routine .

On ce t h e  c o e f f ic i en t s  ~~~ h , are determined , tne

capac itance of the discontinuity 0d may be obtained by

integrating the ~:-:-oess charge density on t h e  w l r e .

The orthogonalit” conditions of Hermite polynomials may

be used to perform this integration e:-iactly ; the result is

C ~~~n a  ( . 1 ’ ’d o

Notice , therefore , that the capaci tance c~ depends o nly

on the f i r s t  term of the H e r m i t e  po 1ynornial~ e x p a n s i o n  f o r

the excess charge distribution. In fact , it can be shown

that the capacitance of the discontinuity, as ci~’en hv

Equation (41) , is stationary with respect to arbltr rv s~~a l l

v a r i a t i o n s  in the f u n c t i o n a l  form of the excess c h a rce

d i s t r i b u t i o n  and is lower bound ( c . f . ,  Sec ticn  IV of ref. 3).

I

8. S. Coeri and G.M.L. Gladwell , “A Legertdre approximation
method for  c ir cu l a r  m icros tr ip  d isk problem ,” IEEE
Transactions on Microwave Theory and Techniques, Vol MTT—23 ,
Nc. 1, January 19 77.
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SECTION VI

NUME R ICAL RESULTS

Mo exact or approximate results to the present

pro blem are known to the authors. It is intended , there-

f o r e , t h a t  the results for the ocuivalent caPacitance of the

sentum , obta ined from the p resen t ana lys is , be com pared

w a t h  e x p e ram e n t a l  r e s u l ts  in the f u t u r e  ( r e f .  ~ )

Figures 3 through 5 present dimensaonl ess excess charce

density on the wire , obtained from the present analysis ,

each for  a p a r t i c u l a r  h/b  and for a/ b  = 0.00., 0.01 , 0.1.

Note that the excess charge density is an even function of

x , thus on ly  the pos itive ra nge of x is shown . These

• results have been obtained with N = 10 in Equation (35)

and the order of the Gauss—Hermite quadrature ~s M~ = 22

in equat ion  ( 3 9 )  . Note that the curves disolace kinks around

x = 1.6 . This phenomenon is more evident for larcer values

of h/b and larger values of a/b . It is attributable to

the fact that only a finite order of the Gauss—Hermite quadra-

tu re  is taken . One would obtain smoo ther cu rves if hi cher

order quadratures were used .

Figure  6 p resen ts  the equ iva len t  capac i t ance  of the

septum Cd , normalized to the capacitance of the uniform lane

9. Dr. Larry Scott , Nissiori Research Corporation , Al buauerque ,
New Mexico , p r i va t e  communica t ion , December 1976 .
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( i n  the absence of the septum d i s c o n t i n u i t y )  per U n i t  l ength

times the he igh t  of the th in  wi re  from the ground p lane , as a

function of h/b for a rance of a/b. The same plot is

presented in Figure 7 w i t h  h/b as a parameter  and a/b as

var ia bles in logari thmic  scale.

• 1

I i
26
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. 0 0 2
h/b = 0.1

7
- (x)

.001
V C

0

S

a/b = .1

.01

.001

0 
1 2 3 4

F igure  3. Distribution of normalized excess charge
for  h/b = 0.1.  Note t ha t  ~~, is an
even function of x. -

27

± ~~~~~~~~~~~ 
~~~~~~~~~~~ 

- - —- ~~
-,

~~~
--S -~~•.. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - - ‘. — - -- —- — - - - -.- -- -



-: . 08

h/b = 0.4

07

.06

. 05

—

.
~~~~~~~ 

. 0 4
0

.03

.02 
a ,b  = .1

.01

.01

.001

0 1 2 3 4

F igure  4 .  D i s t ri b u t i o n  of n o rm a l it e d  excess
charge for h / b  = 0 . 4 .
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1

.3

.2

0

.1. a/b = .1

.01

.001

0
(3 1 2 3 4

x

Figure 5. Distribution of normalized excess
charge for h/b  = 0.7.
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0.4

a/ b =0. 1
0.3 — —

0.05

/ -

0.0(

0.001

0.! — —

0 1 1 I
0 0.2 0.4 0.6 0.8 l.a

h/b

Ficrure 6. Capacitance due to septum as func~~ion of
septum height. C

~ 
is capaci tance per

unit length of unperturbed w ire.
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0.5

0 4 —  -

— h/b =0 .9
~~ 0.3— —

H

0.00! 0.0 ! 0.!

a/b

Figure  7 .  Capaci tance due to septum as
f u n c t i o n  of septum hei g h t .
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